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Abstract 
The paper focuses on the analysis of thermo technical interaction of frame and glass systems in a selected type of 
window construction, which is currently an important factor of building design that concerns cold and moderate 
climates. The analysis was based on the laboratory experiment in a climate chamber with a hot box for particular 
combinations of frame and glass systems (see the appendix). The results show that easily applicable modifications of 
window constructions could improve their thermal performance. Some potential for further improvement window 
constructions is also obvious. 
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of ICAE2011. 
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1. Introduction
In an effort to decrease energy consumption as well as simultaneously designing low energy buildings
we are lead to the improvement of window thermo technical properties. It is these aspects in which the 
construction detail of frame and glass system connections is most critical [1]. For this reason the research 
of interference of a frame system and glass systems and their impact on thermal performance of 
fenestration system has been conducted [2, 3].    
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Nomenclature 
 
FS frame system 
GS glass system 
UA-E thermal transmittance of a bottom fragment of window with the influence of a GS  
UB-E thermal transmittance of a bottom fragment of window without the influence of a GS 
Uw thermal transmittance of window construction 
θai thermal interior air temperature 
θae thermal exterior air temperature 
θsi,m weighted average of surface interior temperature 
θsi,e equivalent interior surface temperature 
φi relative humidity of interior air 
2. The content of research 
The content of the research is expressed in the following points:  
 To select the reference window provided on the basis of ordinal and cardinal parameters 
 To carry out laboratory experimental measurements of a selected window construction 
 To gain information on thermo technical properties interaction in frame and glass systems 
 To determine the findings for the development of the scientific field and the conclusions for the 
professional practice  
 
 
Fig. 1. (a) vertical section of selected tested window construction – alternative FS/S [4]; (b) the position of thermal sensors on the 
interior side of the window [4]; (c) the position of thermal sensors on the exterior side of window [4] 
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3. Methods  
A frame system based on wood (Fig. 1) using three different alternatives was implemented in the 
conducted measurements. The alternatives differ only in the depth of inserting different glass systems into 
the bottom rail: 
 FS/S (STANDARD) depth of glazing rebate upstand 12 mm 
 FS/A  (PROTOTYPE X01/A) depth of glazing rebate upstand 19 mm 
 FS/B (PROTOTYPE X01/B) depth of glazing rebate upstand 24 mm 
Laboratory tests were conducted using the climate chamber. Boundary conditions for measurements 
were following θae = 1°C, θai = 24°C, φi = 50%. For Uw - value measurements where boundary conditions 
were following θae = – 15°C, θai = 20°C, φi = 50%. 
On the window construction there were predefined and selected positions for 12 pairs of dislocated 
measuring instruments for surface temperature. Each pair consisted of the measuring instrument on the 
interior surface and opposite one on the exterior surface (Fig. 1). Obtained surface temperature values 
were used for mathematical calculations to gain specific thermal flows of two as well as three-
dimensional thermal transmittance for individual outputs of laboratory measurements for evaluation. 
4. Results  
4.1. Range of laboratory measurements 
Experimental measurements in laboratory conditions were performed on the reference window 
construction in order to obtain thermo technical variables in the required distinctive places necessary for 
the analysis of individual influences. The aims were to:  
 Compare glass systems with the identically stated parameters from different producers. 
 To determine the influence of glazing rebate upstand. 
 To determine the influence of position and quantity of low-e coating. 
 To determine the influence of incorporating additional elements on the inside of a glass system. 
 To determine the influence of spacer type. 
 To determine the influence of gas type. 
 The overall improvement of ∆U - overall thermal transmittance of windows construction. 
More detailed information about all measurements is listed in Appendix 1. 
4.2. Discussion 
Based on the analysis of the performed laboratory experimental measurements the following 
recommendations can be made for practical use:  
 To increase the efficiency and to conform to the control mechanisms for certification at the final 
inspection of products in the category of window constructions. 
 To utilize the possibility of increasing the glazing rebate upstand (fitting a glass system into a frame 
system) at a maximum static-dynamic utilization point from the top - bottom rails and stiles, if possible, 
without the need to increase the construction height of the  top - bottom rails and stiles (Fig. 2a). 
 With high quality glass systems (insulating double glazed units) the change in the position almost does 
not affect the overall thermo technical properties of a window system (Fig. 2b), however there is a 
chance because of very little information on optical-spectrophotometric properties of glass systems – 
that their may be possible unconscious changes in the properties with follow-up impacts that may 
change factors which influence the indoor environment. 
 Not to use glass systems with incorporated elements (mounting bars) in order to meet architectural 
requirements, to use pre-fitted decoration constructions from the outside or even from the inside. 
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 In case of increased safety requirements to also avoid the use of glass systems with incorporated 
elements and to use a wide range of safety glass (toughened, strengthened, laminated) instead, or 
individual protective constructions (outside protective gratings, blinds, window shutters). 
 To use spacers made of materials with low thermal conductivity in glass systems, the same applies for 
both homogenous and built-in composite spacers, where the weakest element is the most crucial one 
from a thermo technical view even though its presence is minimal [4]. 
These findings can be confronted with results of other scientific-research centers in the world, which is 
one of the reasons that these measurements are very demanding for high accuracy and thus rarely 
available. 
 
TEST RECORD 14 -
5/4 FS/S - GS1/S
TEST RECORD 14 -
4/4 FS/A - GS1/A
TEST RECORD 14 -
7/4 FS/B - GS1/B
2,157 2,000 1,956
1,789 1,682 1,667
U
A 
-E
, U
B 
-E
(W
/(m
2 .K
))
UA-E
UB-E
y = 3,0851x-0,1449
R2 = 0,9863
15,0
16,0
17,0
18,0
19,0
20,0
LOW-E COATING IN
GLASS SYSTEM GS-1/S
(POSITION #3)
LOW-E COATING IN
GLASS SYSTEM GS-2/S
(POSITION #2)
θ si
,m
= 
19
.6
86
θ si
,e
= 
19
.7
73
θ si
,e
= 
19
.6
27
θ si
,m
= 
19
.7
13
TE
M
PE
R
AT
U
R
E 
(°
C
)
Fig. 2 (a) thermal transmittance of a bottom fragment of window with or without the influence of a GS [4]; (b) impact of low-e 
coating position on the weighted average value for interior surface temperature θsi,m and equivalent interior surface temperature θsi,e 
in the window construction [4] 
5. Conclusions 
The data obtained from the analysis of the laboratory results and experimental measurements are 
helpful in creating designs of theoretically justified construction plans for contact between the frame and 
glass systems in the field of window constructions. The used methodology is highly reliable and its usage 
in identical or similar measurements is suitable because of its highly analytical possibilities of evaluation 
for the given experiment. Another possibility is utilizing the results in creating models (in the analysis of 
two- and three dimensional thermal flows through window constructions) in computer simulated programs 
from the field of building thermal technology. 
Acknowledgement 
This paper was created thanks to financial support from the EU Structural Funds, through the 
Operational Program R&D and project OPVaV-2008/2.2/01-SORO "Architectural, engineering, 
technological and economic aspects of the design of energy efficient buildings, codenamed ITMS: 
26220220050; which is financed by EC funds. 
References  
[1] Bielek M, Bielek B. An innovate approach to the thermotechnical quantification of transparent systems in low energy 
buildings. In: Proceeding Conference Building and Energy, Kosice: TU Kosice; 1995, p. 77-94. 
[2] Gustavsen A, Grynning S, Araseh D, Jelle B, Goudey H. Key elements of and material peformance targets for highly 
insulating window frames. Energy and Buildings 2011;43:2583 - 94. 
[3] Gustavsen A, et al. Experimental examination of the thermal transmittance of high performance window frames and 
379Miloslav Bagona and Martin Lopusniak / Procedia Engineering 24 (2011) 375 – 379 Miloslav Bagona, Martin Lopusniak / Procedia Engineering 00 (2011) 000–000 5 
comparison with numerical simulations. In: Proceedings of Thermal Performance of the Exterior Envelopes of Whole Buildings XI 
International Conference, Clearwater Beach: ASHRAE; 2010, p. 
[4] Bagoňa M. The thermal technical interaction of frame and glass systems in the trends of window construction development, 
Ph.D. Thesis. Kosice: TU Kosice; 2005. 
Appendix A. The list of experiments 
Test 
record 
Marking of frame 
system 
Marking of 
glass systems Glass sheets - ext/int Gas filling 
Pos. of 
low-e 
coating 
Type of  spacer  Aim of measurement 
14 – 1/4 FS - 
PROTOTYPE 
X01 /A 
GS – 7/A
 
4mm GLAVERBEL Planibel ® clear
4mm EUROGLAS Silverstar ® 1.0 E 
16mm gas 
filling Argon 
3 Polypropylene (TGI WAVE SPACER 
15,5) 
Influence of spacer 
14 – 2/4 FS - 
PROTOTYPE 
X01 /A 
GS – 7/A 
 
4mm GLAVERBEL Planibel ® clear 
4mm EUROGLAS Silverstar ® 1.0 E 
16mm gas 
filling Argon 
3 Polypropylene (TGI WAVE SPACER 
15,5) 
Assessment of   
Uw – value 
14 – 3/4 FS - 
STANDARD 
GS – 2/S 
 
4mm SAINT-GOBAIN Planitherm ® Ultra 
4mm SAINT-GOBAIN Planilux ® 
16mm gas 
filling Argon 
2 Aluminium (AL PROFILE 15,5-0,35) Influence of low-e coating position 
14 – 4/4  FS - 
PROTOTYPE 
X01 /A 
GS – 1/A 
 
4mm SAINT-GOBAIN Planilux ® 
4mm SAINT-GOBAIN Planitherm ® Ultra 
16mm gas 
filling Argon 
3 Aluminium (AL PROFILE 15,5-0,3 Influence of depth glazing rebate 
upstand 
14 – 5/4 FS - 
STANDARD 
GS – 1/S  
 
4mm SAINT-GOBAIN Planilux ® 
4mm SAINT-GOBAIN Planitherm ® Ultra 
16mm gas 
filling Argon 
3 Aluminium (AL PROFILE 15,5-0,35) Influence of depth glazing  rebate 
upstand and low-e coating position 
14 – 6/4 FS - 
STANDARD 
GS – 1/S  
 
4mm SAINT-GOBAIN Planilux ® 
4mm SAINT-GOBAIN Planitherm ® Ultra 
16mm gas 
filling Argon 
3 Aluminium (AL PROFILE 15,5-0,35) Assessment of  
 Uw – value 
14 – 7/4 FS - 
PROTOTYPE 
X01/ B 
GS – 1/B
 
4mm SAINT-GOBAIN Planilux ®
4mm SAINT-GOBAIN Planitherm ® Ultra 
16mm gas 
filling Argon 
3 Aluminium (AL PROFILE 15,5-0,35) Influence of depth glazing rebate 
upstand and spacer 
14 – 8/4  FS - 
PROTOTYPE 
X01 / B 
GS – 3/B 
 
4mm SAINT-GOBAIN Planilux ® 
4mm SAINT-GOBAIN Planitherm ® Ultra 
16mm gas 
filling Argon 
3 Aluminium (AL PROFIL 15,5-0,35) 
+ Dural grid (TETRA) 
Influence of incorporated elements  
14 – 9/4 FS - 
PROTOTYPE 
X01 / B 
GS – 4/B 
 
4mm SAINT-GOBAIN Planilux ® 
4mm SAINT-GOBAIN Planitherm ® Ultra 
16mm gas 
filling Argon 
3 Stainless Steel (CHROMATECH 
PLUS 15,5-0,15) 
Influence of spacer 
14 – 10/4 FS - 
PROTOTYPE 
X01 / B 
GS – 5/B
 
4mm SAINT-GOBAIN Planilux ®
4mm SAINT-GOBAIN Planitherm ® Ultra 
16mm gas 
filling Argon 
3 Styrol – Acrylic – Nitrile copolymer
(SWISSPACER ® 15,5) 
Influence of spacer 
14 – 11/4 FS - 
PROTOTYPE 
X01 / B 
GS – 5/B 
 
4mm SAINT-GOBAIN Planilux ® 
4mm SAINT-GOBAIN Planitherm ® Ultra 
16mm gas 
filling Argon 
3 Styrol – Acrylic – Nitrile copolymer 
(SWISSPACER ® 15,5) 
Assessment of   
Uw – value 
14 – 12/4 FS - 
PROTOTYPE 
X01 / B 
GS – 6/B 
 
4mm SAINT-GOBAIN Planilux ® 
4mm SAINT-GOBAIN Planitherm ® Ultra 
16mm gas 
filling Argon 
3 Polypropylene (TGI SS WAVE 
SPACER15,5) 
Influence of spacer 
14 – 13/4 FS - 
PROTOTYPE 
X01 / B 
GS – 6/B 
 
4mm SAINT-GOBAIN Planilux ® 
4mm SAINT-GOBAIN Planitherm ® Ultra 
16mm gas 
filling Argon 
3 Polypropylene (TGI WAVE SPACER 
SS 15,5) 
Assessment of   
Uw – value 
10 – 1/6 FS - 
STANDARD 
GS – 8/S 
 
4mm SAINT-GOBAIN Planitherm® Ultra 
4mm SAINT-GOBAIN Planitherm® Ultra 
16mm gas 
filling Argon 
2 + 3 Aluminium (AL PROFILE 15,5-0,35) Influence of low e-coating quantity 
10 – 2/6 FS - 
PROTOTYPE 
X01 /B 
GS – 11/B 
 
4mm SAINT-GOBAIN Planitherm® Ultra 
4mm SAINT-GOBAIN Planitherm® Ultra 
12mm gas 
filling Krypton 
2 + 3 Polypropylene (TGI WAVE SPACER 
SS 11,5) 
Assessment of  
Uw -value 
10 – 3/6 FS - 
STANDARD 
GS – 10/S 
 
4mm SAINT-GOBAIN Planitherm® Ultra 
4mm SAINT-GOBAIN Planitherm® Ultra 
8mm gas filling 
Xenon 
3 Aluminium (AL PROFILE 7,5-0,35) Influence of gas filling 
10 – 4/6 FS – 
PROTOTYPE 
X01 /B 
GS – 12/B
 
4mm SAINT-GOBAIN Planitherm® Ultra
 4mm SAINT-GOBAIN Planitherm® Ultra 
8mm gas filling 
Xenon 
2 + 3 Polypropylene (TGI WAVE SPACER 
SS 7,5) 
Assessment of  
Uw -value 
10 – 5/6 FS - 
STANDARD 
GS – 9/S 
 
4mm SAINT-GOBAIN Planitherm® Ultra 
4mm SAINT-GOBAIN Planitherm® Ultra 
12mm gas 
filling Krypton 
3 Aluminium (AL PROFILE 11,5-0,35) Influence of gas filling 
10 – 6/6 FS - 
STANDARD 
GS – 10/S 
 
4mm SAINT-GOBAIN Planitherm® Ultra
4mm SAINT-GOBAIN Planitherm® Ultra 
8mm gas filling 
Xenon 
3 Aluminium (AL PROFILE 7,5-0,35) Influence of gas filling 
 
 
